Laryngomalacia is the most common cause of stridor in newborns and infants. Patients usually present with an inspiratory stridor only, although some exhibit other anomalies. To rule out other possible pathologies, bronchoscopy is advisable. However, the authors of some recent studies have advocated the use offiberoptic laryngoscopy as a more cost-effective and less-invasive alternative. No surgical intervention is required to treat laryngomalacia in most cases. The disease usually resolves spontaneously by the time a patient reaches the age of 24 months. In this article, we describe a case of laryngomalacia that was atypical in that the patient was 10 years old. We also review the literature in an effort to increase awareness of this condition.
Introduction
Laryngomalacia is the most common congenital malformation of the larynx, and it is the most common cause of stridor in newborns and infants. 1 It manifests as an inspiratory stridor and is usually characterized by a highpitched, fluttering voice.' Although affected patients do not exhibit much in the way of other physical symptoms, the unusual voice is worrisome to their parents. The stridor usually worsens during the first 8 months of life, reaches a plateau at 9 to 12 months, and generally resolves gradually by the time the patient reaches 24 months of age.'
No intervention is necessary for most patients. Surgery is required only when there are signs of failure to thrive, obstructive sleep apnea, cor pulmonale, severe reflux, or apnea while awake or when the disease does not spontaneously resolve as anticipated. Persistence beyond 24 months is rare , but a few case reports have been documented, some of which occurred as late as adolescence.t-'
In this article, we describe an unusual presentation of laryngomalacia, and we review the literature in an attempt to increase physician awareness of this disease.
Case report
A lO-ycar-old boy was brought to the ENT clinic at The Aga Khan University Hospital (AKUH) in Karachi with a history of a continuous harsh voice since birth. He was noted to have inspiratory stridor that became worse on exertion and when he bent forward . No other aggravating or relieving factors were noted. The patient's stridor had first been evaluated by a general practitioner when the boy was 1 month old. The physician prescribed amoxicillin syrup and advised the boy 's parents that the stridor would persist until the boy reached 2 years of age . The antibiotic syrup failed to improve the patient's condition.
When the patient was 3 years old, he was taken to a local hospital, where he was given a provisional diagnosis of laryngomalacia and prescribed terbutaline syrup. Physicians there suggested that he undergo direct bronchoscopy, and they referred him to AKUH. However, the parents could not afford to pay for the bronchoscopy, and they did not follow up on the recommendation. The boy did show some improvement with the terbutaline.
During our evaluation, we learned that the patient had been born at term and at home ; the delivery was uncomplicated. Although his birth weight and other anthropometric parameters at the time of his birth were not known, he appeared to be healthy. His mother had not been exposed to medicines or teratogens during her pregnancy. The boy 's parents were healthy and not consanguineous. He grew normally and achieved appropriate developmental milestones. He began speaking one-syllable letters at 12 months of age and brief sentences at 2 years. He was sociable and exhibited no behavioral problems. This time, bronchoscopy was performed at AKUH, and it revealed that the patient had an omega-shaped epiglottis but no other obvious physical abnormality in the airway. However, during inspiration, the airway was seen to 
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Discussion
Con genital stridor was reported as ea rly as 1853 by two Fren ch phy sicians, Rilliet and Barth ez." They described a newb orn who had both inspiratory and expiratory stridor; the child was otherwise norm al. Th e first comprehensi ve rev iew of thi s condition was publi shed by Sutherland and Lack in 1897. 7 In their article, entitled "Co nge nital laryngea l obstruction," they described a series of 18 patient s wit h laryngom alacia, whic h they ca lled congenita l laryngea l strido r. In 1942, Jack son was the first to use the term laryn gomalacia (fro m the Greek malakia: morb id softening of part of an organ); he defined it as a softness, flabbi ness , or loss of co nsistency of laryngeal tiss ues. "
In affec ted patient s, inspi ratory stridor is usually presen t at birth , altho ugh in some cases it does not becom e appa ren t until weeks or months later. In so me infant s, the stridor does not mani fest until the child bec om es more ac tive at approx ima tely 3 months of age; in other cases, the strido r is precipitated by an upp er respi ratory infe ction .?So me times vibrations ca n be felt by placin g a hand on the infa nt's chest. Parent s have described the strido r as purring, crackling, crowing, croaking, and squeaking. Af fected infants are neit her dysp neic nor generally uncomfort ab le. However , in 10% of cases , the upper airway obstruc tion is severe enough to ca use apnea or failure to thr ive, which neces sit ates surgical int ervention.' ?
Th e stridor is often intermittent ; it is exacerbated whe n the child is active and cry ing. t? It ca n be agg ra vated by upper respi ratory tract infection s, whic h increase the risk of aspiration. Th e severity of the strido r ca n be affected by body pos ition -that is, it is aggravated by supinatio n and head flexio n and is relieved by pron ation and head ex tensio n."-" Some cases have been reported in which the co nd ition was severe enough to ca use intercostal , abdom inal, su pra clavicula r, infraclavicul ar, and xiphoid retraction s, which ca n lead to pectus excavaturn.P:':' Cyanos is is rare. v!' Reports of stridor during sleep are variable.t""
Etiology. The etiology of laryngom alacia rem ain s unknow n. Four primary causes have been theori zed over the yea rs: (I ) ca rtilage imm atu rity, (2) an anatomic abno rmalit y, (3) neuromuscul ar imm atu rit y, and (4) the presence of gas troesophage al reflux di sease (GERD): 336 Ca rti lage immaturity. In the lat e 19 th ce ntury, Su therland an d Lack proposed that laryngom alacia is related to a delay in the nor ma l developme nt of ca rtilaginous support of the ary tenoids and ep iglottic tissues.' Since the n, this theory has been disproved. Ch andra et al showed that laryn gom alacia does not represent a histologically ident ifiabl e chondropathy and that ca rtilagi nous abnorma lities play no role in its path ogenesis.IS Mo reove r, the literature reveals that infant s even 2 or 3 month s immature are no mo re likely to ex perience laryngom alacia than are term infant s.
Anatomic abn ormality. In 192 2, Iglauer proposed that laryn gomal acia is the result of an exaggeration of the infantil e larynx ." T he laryngeal tissues of infants are relati vely soft and flac cid and their arye piglottic folds and aryten oid tissues are relati vely large ; as a res ult, their glottic opening is sma lle r and their laryn x is flabb ier and softer. Th e elonga ted, tubul ar epiglottis and clo sel y approxim ated arye piglottic folds are drawn inward on inspiration because the suppor ting framework is too pli able. Th e folded epiglottis acq uires an "o mega" or tubul ar shape. As the ch ild grows older, the tiss ues becom e res istant to insp iratory forces. Thi s theory is supported by several findings that have led endoscopists to describe the larynx of childre n with laryngomalacia as infa ntile. 16 But omega-and tube-shaped ep iglottises ex ist in nonstridorous infants as we ll, indica ting that they are not an imp ortant fac tor in ca usi ng laryngom alacia.
Neuromusc ular immatu rity. Th ere is a high prevalence of neu rologic di sord ers in patient s with laryngom alacia, which has le d so me inves tigators to beli e ve that laryngomalacia is ca use d by neur omuscular imm aturity and consequent laryngeal hypotoni a. How ever, thi s theory need s furth er investi gation .l' -'? GERD. At on e time , it was beli eved th at GERD occurred in 35 to 68 % of infant s with laryngornalacia." :" However , in 1999, Matth ew s et ai, usin g double-probe pH testin g, reported that GERD was present in almos t 100% of cases of laryn gom alacia.20 Despit e atte mp ts to identi fy the mech ani sm , no link between GERD and stridor has been confirme d. It is not certain whether GERD causes airway sy mpto ms or vice versa. Oren stein and Orenstein proposed that refl ux of gastric co nte nts ca uses supraglottic edema and cha nges airway res istance, thereby ca using airway obstruction." On the other hand , Wang et al spec ula ted that the increased negative intrat horacic pressure during inspiration in an obs tructed laryngeal airway co uld pred ispose a patient to GERD by tryin g to overco me the lower eso phageal sphincter. " Nevertheless, surgical treatment of GERD ofte n fai ls to relieve respiratory symptoms." Hadfield et al recently showed that treating laryn gom alacia by aryepiglo ttoplas ty allevi ated GERD, suggesting th at laryngomalacia pla ys a causati ve role in GERD. 24 Endoscopic investigations. Laryngomalaciaoccurs both in isolation and in association with other anomalies of the airway or other organ systems. Synchronous airway lesions have been reported in 19% of affected infants. " Some investigators believe that the presence of other secondary airway lesions in all infants with laryngomalacia mandates direct laryngoscopy and bronchoscopy in order to avoid the risk of missing a potentially life-threatening secondary airway-lesion." Because these procedures require general anesthesia, the risk of associated morbidity and mortality must be considered. Many investigators believe that direct bronchoscopy should not be performed on all infants in light of not only anesthesia-related complications, but cost as well ." In fact, reports indicate that intervention for these secondary lesions was required in only 4.7% infants with laryngomalacia.t' -"
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According to Botma et al, a better alternative as a firstline investigation in children with stridor is fiberoptic laryngoscopy; they recommend that bronchoscopy be reserved for those patients who are likely to have a pathology other than laryngomalacia and for those who fail to thrive. " Fiberoptic laryngoscopy is safe and costeffective; in fact, it is 100 times less expensive than direct bronchoscopy. Fiberoptic laryngoscopy was first used to investigate stridor in infants by Silberman et al in the 1970s. 37 nosed with laryngomalacia, 6 had vocal fold palsies, and 2 were normal. These findings indicate that fiberoptic laryngoscopy is fairly sensitive in diagnosing laryngomalacia.
Surgery. Surgical intervention is not required for most patients in whom laryngomalacia is self-limited because most mature normally. If the child's general progress is satisfactory, active management is not necessary, and parents can be reassured that the symptoms will subside over time . Surgery is required only in severe cases-those that involve the collapse of the glottis on inspiration and the presence of complications of obstruction (e.g., failure to thrive, obstructive sleep apnea, cor pulmonale, severe reflux , or apnea while awake).
Iglauer was first to perform surgery on a patient with laryngomalacia (he amputated the epiglottis with a wire snare), a case that he reported in 1922. 12 Endoscopic surgery was first reported in 1984 by Lane et ai, who noted that it led to a dramatic improvement in a 3-month-old patient; they excised the lateral portions of the epiglottis, the corniculate cartilage, and the tips of the arytenoids.'
Use of a CO 2 laser was first reported by Seid et al in 1985; they divided the aryepiglottic fold with the laser in 2 patients." Since then, various surgical modifications have been developed. Surgeries today are usually performed with a CO 2 laser and microdissection. The procedures that have been advocated include (I) division of the aryepiglottic fold, (2) partial amputation of the epiglottis, (3) suture of the epiglottis to the base of the tongue (epiglottoplasty), (4) removal of redundant supra-arytenoid mucosa and the lateral borders of the epiglottis, and (5) removal of the cuneiform and corniculate cartilages and the surrounding mucosa. In extreme cases, tracheostomy is performed.
Kelly and Gray " and Reddy and Matr" reviewed the complications of surgical procedures for laryngomalacia and compared the outcomes of patients who underwent unilateral and bilateral supraglottoplasty. They recommended the unilateral procedure as the first-line surgical treatment of severe laryngomalacia that requires surgery.
